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CHAPTER I
THE PROBLEM AND DEFINITIONS OF TERMS USED
The past decade has been one of great change and
rapid progress in the design and construction of school
buildings.

The building of new school plants has provided

opportunities to introduce innovations that research has
indicated may be useful in providing a stimulating learning
environment.

Many new ideas. have been introduced and many

old ones discarded.

The results of these new theories may

be seen in new school buildings that dot the landscapes of
local communities throughout the country.
It is probably more true now than ever before that
school design is changing, and must continue to do so, in
order to meet the needs of a dynamic school program.

The

American Association of School Administrators states:
If the educational program never changed; if the
culture were static and scientists had ceased probing
into the unknown; if inventors had gone on a long
holiday and discoveries and innovations were at a
standstill; if population mobility had ceased and the
birthrate had become a constant factor; if community
life always remained the same; if towns and cities were
all alike; if there were no differences in school sites;
if no jobs were being created; if no new educational
needs were emerging and the specific purposes of the
school were rigidly defined; if the researchers had
concluded that all the answers to the problems of
teaching and learning had been found; if there were no
more content to be added to the curriculum; if the
producers of instructional materials and equipment had
ceased to experiment and had settled down to producing a
standard product; if people were entirely content with
present day accomplishments; if the dynamic forces of
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society had all been securely grounded and had ceased to
function,~- school-building planning would be a
simple matter. Stock plans and standard classrooms
would be the answer to the school districts• needs for
building space. But such is not the case, nor is it
likely to be (3:5).
I.

THE PROBLEM

Statement of the problem.

It was the purpose of this

paper to present a survey of present day thinking on the
design and construction of secondary school classrooms and
to point out many features that have won general acceptance
as being educationally desirable and financially feasible.
Limitations of the study.

The vast amount of avail-

able information on school building published in the last
decade, plus the amount of time available have limited this
study.

The text of this paper includes only information

published after 1956.

The study was furthur narrowed to

place particular emphasis on the science facilities of
secondary schools.

While the architectural presentations of

many authors were included in this paper, a great many
suggestions and solutions offered by a multitude of writers
were not included.

Those presented were the ones that

seemed most typical of the thinking of recognized authorities in the field.
The following considerations constituted the limits:
1.

Limited to classroom design and construction,

2.

Limited to material published in the last 4
years,
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3.

Descriptive of no one room or school in
particular, and

4.

Limited to discussion and desiription without
evaluation.

II.

DEFINITIONS OF TERMS USED

Flexibility.

Flexibility, as is used in this paper,

refers to the potential for modification of the space design without change in the original area of the room.

A

good example is found in the use of movable partitions or
curtains to change room configuration.
Adaptability.

Adaptability is defined as the capa-

city for multipurpose usage without change in space design.
The use of one room to teach physics, chemistry, and general
science is an example.
Expandibility.

Expandibility is the potential for

being increased in area.

Building an addition onto the

classroom is an example of expansion of existing facilities.
Contractibility.

Contractibility refers to the

potential for being reduced in area.

An example is the re-

moval of a portion of a building when it is no longer used
or needed.
Reflection factor.

"Reflection factor" refers to

the amount of light reflected from a surface expressed as a
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percentage of the amount originally striking that surface.
A material reflecting a light intensity one twentieth as
bright as the original source would have a reflection fac
tor of 5 per cent.
Secondary school.

Secondary school, as it is used

in this paper refers to a school containing any of the
grades seven through twelve.

III.

ORGANIZATION OF REMAINDER OF THE PAPER

The second chapter will present an overall picture
of planning and design considerations for secondary school
science facilities.

The development will be from the

general to the specific, starting with broad planning con
siderations and progressing to specific details in both
design and equipment.
The third chapter will present a summation of the
important factors influencing design, their implications,
and an evaluation of the need for furthur study.

CHAPTER II
REVIEW OF THE LITERATURE
The volume of published information on the subject
of school building has expanded in direct proportion to the
nationwide construction program itself.

A brief summary of

information written by prominent authors will be presented.

I.

THE INFLUENCE OF CURRICULUM DEVELOPMENT

For over a century we have been developing and
expanding our science curriculum.

In spite of this fact,

it appears that we have reached a crisis in science education.

As a nation we are not meeting the demand for highly

skilled people in the field of experimentation and research.
Our present school program is not geared to produce enough
highly trained people.

This situation cannot be attributed

solely to competition from other world powers:.

The need

for more and better trained scientists is largely a result
of our own long and continuous striving to advance through
research and experimentation (3:10).
It is logical to assume that, barring an unforseen
and unlikely reversal in trends, the effects of scientific
progress will be even more pronounced in future generations.
Due to the discovery and accumulation of scientific knowledge, there will be a greater need for understanding of
fundamental concepts by the average citizen.

Each individ-

ual will have use for a greater depth of knowledge in the

6
various fields of science.

'.rrhere will also be a need to

help students who are talented in some area of science to
achieve a very high level of skill to enable them to fit
into the program at higher levels.
is two-fold.

The problem, therefore,

The average citizen needs a broader and more

detailed background in science, and there is a need to train
more specialists.

The responsibility for furnishing a great

part of this education will fall directly on the secondary
schools.
It is at least partly due to the consideration of
these changing needs that the science curriculum has evolved
from a textbook centered program to the modern •1earn by
doing• concept which is given special facilities and major
periods of time.

An example is the movement away from

specialized subjects.

Where physics was formerly taught as

a separate subject in all but the smallest high schools, it
is now taught in only about 48 per cent of the high schools
in this country (25:9).
who states:

This thought is reinforced by Rice,

•There has been a trend toward the type of

program that would meet the needs of the individuals who
are more interested in a functional type of program than in
a specialized typen (21:243).

Alcorn furthur asserts:

"Within the next few years one may expect high schools to
teach science I, II, III, and IV, rather than general science,
biology, physics and chemistry• (1:155).

It is generally

agreed that the trend in the teaching of science has been
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away from specialized courses and into a more generalized
course in which an attempt is made to combine the various
principles found in the sciences.

As yet no widely accepted

name has appeared for this new type of course.

The follow-

ing titles are revealed in a survey of the literature:
Generalized Science
Consumer Science
Senior Science
Applied Science
Basic Science
Practical Science
Industrial Science
Popular Science
Physical Science
World Science
Advanced Physical Science
General Physics
Advanced Science
Vocational Science (l:15S).
The changed curriculum has required a corresponding
change in the philosophy of classroom design.

Planning a

room for only one phase of the science program is no longer
sufficient.

There is now a need for the multi-use class-

room (24:22).

In view of this, all science classrooms

should be kept adjustable to provide a learning environment
for students engaged in a great number of activities.

Ade-

quate facilities for research, for experiments of all types,
for lectures, and for audio-visual presentations should be
provided.

Biological, meteorological and geological phases

of science as well as the physical and chemical aspects must
be considered.

An environment that will aid in teaching the

general student well enough to allow him to gain a better
insight into scientific matters and to enrich his life is
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essential.

In addition, the same teaching environment must

aid in turning out the highly skilled young scientists who
will go on to fill positions in industry and research.
Creating a suitable classroom for all phases and levels of
the science program is a great challenge which can only be
met through cooperative long range planning.
II.

GENERAL PLANNING FOR THE FACILITY

The time lapse between the initiation of a school
building program and completion of the plant averages,
approximately two years (14:2:9).

A large amount of this

time is spent in what is referred to as general planning.
This consists of two major phases.: (l) determining educational specifications and (2) predicting pupil population.
The general planning stage represents time well spent.
Costly mistakes are avoided through careful pre-planning.
Determining educational specifications.

The physical

features of the science classroom are determined by its
educational specifications.

Before it can be decided what

is to be built into the physical environment, a thorough
knowledge of the nature of the learning activities to take
place in that area is necessary.

The present and future

practices in that particular subdivision of the education
program must be determined.

All activities, curricular and

cocurricular, must be considered and appraised as to their

worth in the program.
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If they are to be a part of the learn-

ing experience assigned to that room, the resulting needs
and requirements for physical space and equipment must be
incorporated into the building plan.
Methods of developing educational specifications vary
greatly.

It is the feeling of some groups that the major

responsibility should rest with the professional staff, and
that they should be given a free hand in the development of
the program.

This line of thought eliminate$ lay people

from the planning group and greatly restricts the use of the
architect and the local board of education.

Others feel

that the will of the community should be the major factor
in the formulation of the specifications.

It is their con-

tention that lay people should play the greatest part in the
planning procedure.

However, it is agreed by most authori-

ties that both the creativeness and imagination of the
professional staff and the will of the community are important.

Therefore, the complete set of educational specifica-

tions should be the result of cooperative effort on the
part of the staff, the administration, the school board, and
intelligent citizens (3:174).

Macconnell supports this

conclusion by describing the process as •a cooperative task
of educators, students, and lay people to analyze, describe,
and interpret the program so that it can become the base.
for the architect's decisionsn (l~:145).
The specifications themselves range from simple

documents of one or two pages, which merely define and
enumerate the spaces needed, to comprehensive and detailed
studies which set forth in great detail the objectives
sought, the functions to be housed, and the interrelationships between them (3:71).

The detailed report seems to be

gaining favor with both educators and designers because
there is little chance that any essential requirement will
be overlooked when the report of specifications is comprehensive.

Although these reports are intended primarily for

people with a knowledge of both educational and architectural terms, it is very important that they be made as
fundamental and as simple to understand as possible.

They

should be a complete, precise statement of the educational
program (24:7).
Macconnell presents three steps in developing educational specifications for any given facility:
(1)

Analyzing the functions of the facility:
description of the program.

A

(2)

Developing a theoretical formulation of the
facility: The implications of the functions for
a systematic analysis of the basic factors of
school planning.

(3)

Describing, suggesting, and illustrating the
facilities that will encompass the functions
and these basic factors of school planning
(14:146).

The first step entails consulting with the lay people of
the school district as well as with professional educators
to prepare a list of all the learning activities that may
take place in the classroom.

The number and scope of
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such activities reveal the amount of planning necessary in
preparing specifications.

Such a list, compiled for a

general purpose science classroom at the secondary level,
is given as follows:
Arranging equipment and conducting experiments.
Demonstrating experiments and projects.
Carrying on exploratory research.
Examining consumer projects.
Caring for, cleaning, and storing equipment.
Examining specimens.
Preparing exhibits.
Carrying on discussions in large or small groups.
Considering committee problems.
Reporting.
Participating in field trips.
Viewing demonstrations and audio-visual materials.
Listening to recorded materials.
Interviewing resource people.
Engaging in club work.
Constructing projects and displays.
Collecting exhibits.
Collecting written materials and pictures related to
topics.
Making drawings, sketches, posters, models, replicas,
and displays.
Reading textbooks and supplemental materials.
Writing reports, descriptions, and assignments

(14:215).

The second step, relating classroom functions to the
design of the room, is carried on at a near professional
level by the planning committee, architect, and engineers.
This phase involves consideration of the various physical
aspects of the room itself and will be thoroughly discussed
later in this chapter.
The third step consists of making drawings, sketches,
and models of actual proposed facilities.

These are to

serve as guides to the architect in developing his own
preliminary plans, detailed layouts, working drawings, and

architectural specifications for the classroom he is designing.
The importance of formulating an accurate set of
educational specifications cannot be overemphasized.

They

serve to guide the architect in his planning, to stimulate
curriculum improvement, to arouse public interest and
enthusiasm, and to guide the board of education and school
staff in the evaluation of the tentative solutions to specific
problems (24:6).
Conditions and procedures involved in planning
educational specifications will vary.

The steps and pro-

cedures outlined here are intended as suggestions, not as
inflexible rules.
A.

B.

Organization for the preparation of educational
specifications
1.

A director or coordinator (may be principal
or administrator) should be selected. He
may:
a. Coordinate the work of committees
b. Suggest source material
c. Assist in selecting buildings to visit
d. Guide teachers and committees in organizing materials
e. Set time schedules

2.

The director or leader should provide leadership to help project planning for the future
a. Call for an analysis of the present
program
b. Request information on apparent trends in
such areas as pupil grouping, class sizes,
and teaching methods
c. Ask that these be related to plant needs

Some functions of the various planning committees
or individuals
1.

Project educational planning to apply to this
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building or unit
a. Methods--teaching, pupil grouping, and
other factors of building or space needs
b. Offerings--regular or special, such as
music
c. Organization of school

C.

2.

Translate these into plant facilities needed
a. Space needed for each room, activity,
etc.
b. Room locations desired
c. Finishes wanted in certain areas
d. Storage facilities needed
e. Special services such as in-the-room
plumbing
f. Spacing required for equipment
g. Other features for complete unit or plant

3.

One general committee will need to outline
such features as
a. Lighting requirements
b. Plumbing, fixtures, sizes, types
c. Exits, number, type, control
d. Parking, pupils, public
e. Other

Samples of educational specification coverage
1.

Administrative suite
a. Location
b. Number of rooms, sizes
c. Workrooms, conference rooms
d. Board rooms
e. Waiting rooms
f. Vault
g. Exits
h. Storage
i. Other

2.

Library
a. Location, size
b. Acoustics
c. Workroom
d • Plan--open shelves, segregated book room
e. Conference rooms
f. Charging area
g. Exits
h. Record and catalog storage
i. Lighting
j. Equipment
k. Other
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J.

Shops, homemaking, commercial, cafeteria, etc.
(Similar outlines)

4.

Other areas
a. Auditorium
b. Classrooms
c. Gymnasium
d. Laboratories
e. Shower and dressing rooms
f. Other

5.

Pupil traffic areas
a. Stairs, corridors, exits
b. Locations, number, dimensions, construction, safety

6.

Services and service systems
a.
b.

D.

E.

Heating, lighting, sanitary, and sound
control
Types, standards of services, controls,
and types by areas

In coordinating the specifications, the director
may find it necessary to
1.

Eliminate conflicts

2.

Give balance, reduce competition

Presentation of educational specifications and
follow-through by the coordinator
1.

Administrator responsible--make first review
a. Request more information if needed
b. If reduction necessary, refer to committee for revision

2.

Presenting to architect for consultation
a. By the administrator or the director as
his delegate
b. Architect report on feasibility, within
cost limits
c. Essential revisions--refer back to
production committees for selectivity
d. Final decision by administrator but his
decision reported back to committees

J.

Working with the architect in sketch studies
a. Through the administrator or director
b. Architect have access to advice from
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committees but recommendations to be
submitted to the administrative director
for decisions (35:12-14).
Educational specifications should be prepared with
consideration for the changes the future will bring.

This

involves prediction of future trends, admittedly somewhat
uncertain.

A thorough and detailed job of planning, incor-

porating curriculum trends, and utilizing community resource
people in the general planning and the technical staff in
planning specifics seems to result in the most accurate predictions.
Predicting pupil population.

Source information for

portions of the following ten paragraphs was taken from
class notes from Education 589 in the summer of 1960.
A problem bearing directly on preparing specifications
is predicting future pupil population.

What constitutes

adequate facilities cannot be determined without a knowledge
of the number of students that will utilize the learning
area.

Building a school either too small or too large is a

waste of public funds and a violation of the basic principles
of school finance.
The task of enrollment projection is one for which
expert help should be obtained.

At a minimum an educational

consultant should help determine the procedure to be used.
His broad background of experiences can help assure all relevant factors are recognized and considered.
No two districts are the same, and it is reasonable

to assume that they will not have the same factors bearing
on future enrollment operating in the same way at the same
time.

There are, however, three variables which affect

pupil population in all areas: births, mortality, and migration (30:64).

Considering these three as a nucleus, a

school district can enlarge upon them to get a fairly accurate projection.

Births have by far the greatest influence

on who will start school in any given year.

Therefore, they

are the basis on which to predict first grade or kindergarten
enrollment.

Between the first and second grades the follow-

ing factors modify enrollment:
1.
2.

3.

4.
5.
6.

Migration
Transfer to and from private schools
Mortality
Retardation
Acceleration
Placement in special classes (30:64).

As these same students progress through the grades, their
numbers will be modified furthur.

Drop outs will occur

beginning at about the eighth grade level and increasing
through the high school.

Students who leave school through

change of residence are usually compensated for by an approximately equal number who move into the district.

Other

relevant factors affecting the student population are:
changes in district boundaries, attendance of non resident
pupils, and changes in administrative policies concerning
admission and attendance.

Careful attention to these details

will enable a school district to predict future secondary
school enrollment with reasonable accuracy.

This, in turn,
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will dictate the size and nature of the school plant in
general.
Specific units of the school building, such as the
science laboratory, can be planned with some assurance that
they will be adequate if it can be determined approximately
what percentage of the whole student body will be enrolled
in science courses.

This can be computed by using the

average of the percentages taking science over the ten previous years.

However, this method fails to allow for the

increased interest shown in science education in the last
three years.

A second, and more accurate method, is to

chart the percentages for the past ten years, note a trend,
and project that trend into the future.

This method takes

into consideration the recent increases in student enrollment in science courses and makes allowances for increasing
future student interest.

Any method applied to predicting

pupil population for individual subject matter areas must
be applied with caution.

Statistical studies involving a

small sampling often make unreliable inferences.
Expandibility and contractibility should be incorporated into the planning as much as possible in order to
correct for a prediction report that turns out to be inaccurate due to unforeseen factors.
Predicting future enrollment in specific subject
matter classes is dependent to a large extent on an accurate
overall prediction of pupil population for the entire school.
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There are several reliable methods of accomplishing this.
First, there is the method of forecasting by total population.

This technique bases the estimate of future enroll-

ment on its relationship to total population.

It is

assumed that a specified percentage of the total population
is in school.

This method is simple, requires little re-

search, and is reasonably accurate.

Its disadvantages lie

in the fact that school population is often modified by
factors that do not affect population as a whole.

Changes

in administrative practices and state laws are examples.
The Bell Telephone Method of Index Analysis is often
coupled with the aforementioned technique because it furnishes accurate predictions of total population.

The Bell

Telephone Company has developed indices of factors affecting
changes in population.

Applying these to the various age

groups, isolates basic trends, which are applied in turn to
a given geographical area to predict future population.

The

inaccuracies of the previous method are embodied in this
technique also.

Another disadvantage is that the figures

available may be for an area greater or smaller than that
being surveyed.

The boundaries of the area investigated by

the telephone company may differ from those of the school
district concerned.
A third method involves basing prediction wholly on
past census data.

This is accomplished by plotting on a

chart a curve showing how the percentage has changed in the

past, and
(14:32).

extending the curve to show future changes
Experience has proved this to be an unreliable

method.
There is also the method of analogy, which consists
of studying the changes in the populations of various
larger districts from a period when their populations equaled the population of the district engaged in the building
program, and deducing future population from these studies.
This technique assumes that the area in question will grow
at the same rate as other areas have in the recent past.
This would be a valid assumption only in stable districts.
Predicting on the basis of past enrollment trends is
also possible.

This system bases its success on the assump-

tion that past trends will continue.

That this is not always

true is obvious.
Other methods include predicting wholly on birth
rates, predicting on the probable number of new homes in the
area, and a combination of any of the previously mentioned
techniques.
It is seldom possible to get an accurate survey
based on one method to the exclusion of all others.
districts more than one technique is used.

In most

The individual

methods making up the combination will vary from district to
district.

It is up to the investigators to select those

systems that will prove most beneficial to them.
Success in predicting future enrollment will vary.

2:.0

Small, stable communities have the best results, while
larger districts tend to face more variables by virtue of
their greater complexity.

Satisfactory results can usually

be obtained in any district by diligent application of accepted techniques over a reasonable period of time.

III.

DESIGNING FIXED CLASSROOM FEATURES

Fixed classroom features include those which are
usually attached to the physical plant itself.

They are the

non movable facilities built into the room and generally
considered as part of the classroom.

These features vary

with the specific purpose of the learning area.
Utilities and fixtures.

Chemistry, physical science,

biology, and general science require a laboratory furnished
with not less than fourteen two-place student stations: a
demonstration table with sink, water, electricity, and gas;
and a counter station with a minimum of two sinks, gas, water,
and electrical outlets (19:10).

The electrical outlets at

the demonstration desk should provide for 110 volt alternating current, 220 volt alternating current, and a direct
current outlet with a rheostat built in to enable the demonstrator to vary the direct current output from zero volts to
full power.

A similar electrical set-up should be provided

at the counter station for the use of small student groups
working under direction.
A natural gas outlet should be provided at the

demonstration desk, the counter station, and at each student
station.

A master shut off valve to control the flow of gas

to the entire laboratory is desirable.

This can be located

at the teacher's demonstration table or near an exit where
it is available to reduce the danger in case of fire
(30:245).

The master switch for the electrical outlets

within the room should be located near the master valve so
that both are available in case of any emergency.

An outlet

for compressed air should be placed adjacent to each natural
gas outlet.

No master valve is necessary to control the

compressed air.
Sinks at each two-place student station are desirable
but not essential.

Sinks at the demonstration table and

counter station are necessary, and should be provided with
cold water taps.

Because caustic acids are commonly used in

the science program, both sinks and work areas, as well as
drains, must be acid resistant, durable, and easily cleaned,
as well as attractive.

There are various acid resistant

substances available for use in sinks and on work surfaces:
Soapstone, although it is hard, brittle, and costly
is widely used. Other materials which work well under
careful use and proper maintenance include: acidresisting enameled cast iron and enameled steel, ceramic
tile, asbestos-cement substances, sealed slate, stainless steel, and ceramic products (19:32).
If the chemical solutions being washed down drains
are sufficiently diluted, cast iron pipe will suffice.
However, the use of a large amount of highly concentrated
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acids and alkalis requires the use of special acid resisting
pipe.

Failure to install proper materials results in un-

necessary expenses for replacement of corroded plumbing.
Thus the higher cost of the corrosion resistant materials will
be more than justified in the long run.
Some architects include lavatory facilities in an area
connected to the classroom proper.

This is quite common at

the elementary school level but has seldom been seen in
secondary school plants.
a change of philosophy.

There are, however, indications of
"Toilet facilities are provided in

the modern school according to differing philosophies, but
all are a far cry from that which assigned toilet room space
to the most undesirable and remote locations within a structure" (30:266).

Recently these facilities have been provi-

ded adjacent to upper grade classrooms as well as to those
at the primary level.

Part of this trend to room toilet

provisions grew from the relating of classroom to home
health practice (30:266).
Occasionally toilet facilities are provided between,
and shared by, two or more adjacent rooms.

Facilities so

located are more readily available without regimentation of
schedules and are under closer supervision of the teacher.
Prominent architects are presently designing clusters of
classrooms with toilet facilities so arranged (31:112).
Lighting and acoustics.

Lighting has long been

recognized as a factor of major importance in planning
classroom facilities.

Minimum standards have been set up to

assure that proper lighting is present.

These vary from the

100 to 200 footcandles prescribed for drafting rooms and sewing rooms to the 10 footcandles considered sufficient for
general classroom work in England (8:44).

Even within this

country the experts are not in agreement.

An intensity of

from 35 to 70 footcandles seems to typify the opinions of
most authorities.

Quantity of light is not sufficient.

Quality of light is equally important.

Glare free lighting

is necessary to reduce eye strain and make the students'
work a more pleasant task.

Glare can be reduced at its

source by proper control of the emitting fixtures.

The old

fashioned bank of windows along one side of the room provides a prime source of glare, both on chalkboards and on
students' desks.

Venetian blinds or other provisions are

necessary to shield and diffuse the sunlight.

Skylights have

been adopted by many schools because they supply a desirable
quality of illumination.

They tend to diffuse the light,

spreading it evenly throughout the room.

The dome covers for

these skylights are made of a translucent plastic rather
than a transparent material.

This tends to soften the light-

ing effect.
Another solution to the problem of externally caused
glare is the windowless classroom.

In addition to simpli-

fying light control, this type of facility shows promise of

being economical to operate and maintain.
is made a thing of the past, and

Glass breakage

window washing nonexistent.

Elimination of the windows removes a major source of heat
loss, resulting in decreased fuel bills.

However, in this

type of facility a good ventilation system becomes a necessity, thus nullifying part of the financial advantage.

The

idea of the windowless school was first conceived some years
ago but failed to become popular.

It is now being revived

by many architects and appears to have found favor with some
educators.
This type of classroom is advantageous to certain
phases of the science program and disadvantageous to others.
The necessary ventilation system provides an outlet for
fumes and odors from the chemistry lab.

The lighting con-

trol aids greatly in the visual aids program and could allow
the classroom to be used as a darkroom for photography
courses.

In the study of biology, however, there is often

a need for sunlight to aid in plant growth.

A furthur need

exists in the fields of physics and general science, where
the study of light and optics often makes use of prisms to
illustrate the various color bands in natural sunlight.
Whether a classroom is windowless or uses considerable natural light, there is need for special consideration
of the interior finish in order to obtain optimum light
control.
advantage.

Walls, ceilings, and floors can all be used to
There is a need for light to be reflected
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rather than absorbed by the various interior surfaces of the
room.

The reflection factor can be controlled by the proper

use of paint.

Flat or matte paints are prefered because

they will reflect without glare.

It is not desirable for

all surfaces of the room to reflect with equal intensity.

Ceilings should be finished with an 85 per cent reflection

factor flat white paint.

The walls of the classroom can be

of two colors provided attention is given to the reflection
factor; 60 per cent for upper walls and 40 per cent for low

er walls is a recommended minimum (24:68).

It is quite

acceptable to paint the trim and baseboards a different
color but their reflection factors must not exceed those of
their immediate surroundings.

Floors with a reflection fac

tor below that of the walls and ceilings are desirable.
It may be necessary to compromise on the effective
ness of the ceiling as a reflection agent when acoustic
materials are applied to that area:
Acoustic plaster and nonperforated fiber boards when
painted, especially with an oil base apint, lose some of
their acoustical quality. If these materials are left
unpainted, their light reflection factor falls consider
ably below the 85 per cent recommended for good visual
conditions. The perforated-type acoustic tiles offer the
best compromise now available between sound and sight
conditioned surfaces since they lose less of their
acoustical properties when painted than do the nonperfor
ated materials (24:68).
Acoustical tile has great value in a classroom where visual
aids are to be used.

The increased popularity of films,

filmstrips, and television make it desirable to use acousti
cal tile on the ceilings and rear walls of new classrooms

(28:55).

Applying this material to these two areas will

26
eliminate undesirable echos and sound distortion.
is no need to treat all areas acoustically.

"There

Acoustical

treatment is expensive when used improperly" (27:97).
Storage facilities.

A common suggestion for improve

ment found in reports from principals of new schools is to
provide more adequate storage (32:29).

Adequate planning

for storage space has long been neglected.

Perhaps this has

been due to a lack of awareness of the needs, but more
probably it is a result of an unwillingness to spend money
on non-instructional space.

However, there is evidence that

architects and educators alike have come to realize that
storage space in every classroom is not a luxury or a frill,
and that all instructional rooms have need of some storage
space for the materials and books used by the teacher and
students.

Storage is a special problem of laboratory facil

ities due to the acids, poisons, chemicals, and glassware
used in science education.
Adequate and suitable storage should be provided
with special precautions being observed in the handling
and storage of corrosive, flammable or poisonous materi
als in the science laboratory. Pressure dispensers
should not be used with corrosives, and disposal systems
in laboratories should be of corrosive-resistant materials
(30:246).
A specific suggestion for storage of acids and corrosives
is the use of lead lined drawers and cabinets.

In case of

accidental breakage these will contain the corrosive agent.
All drawers in the storage room need not be so treated, only
a sufficient number to hold the active chemicals.

27
The specifications of the storage facilities depend on
the size of the program.

At least one separate storage room

adjacent, and opening into, the science room is a common
practice.

This keeps dangerous materials out of the way of

students and prevents accidents.

It also allows a greater

measure of teacher control over these items.
cularly desirable from a safety viewpoint.
storage space is possible.

This is partiMultiuse of the

A preparation room-dark room

can be combined with the storage room (14:219).

This is

practical only when the storage area was planned and built
for adjustability.
Movable storage units solve the problem of storage of
charts, pamphlets, books, and other non breakable materials,
and at the same time provide flexibility.

Units of this

type are receiving increased attention as devices for facilitating wall partition relocation (J0:214).

These units can

be located between rooms or used to sub-divide large rooms
into smaller areas.

They may be developed with storage

openings on both sides or with one side backed with chalkboard, tackboard, or an acoustical material.

The space be-

tween the top of these units and the ceiling can be left
open or spanned by removable panels.
Most science rooms have additional storage space in
the form of cabinets attached to the walls.

These can be

purchased as complete units or built in by the contractor.
Many times it is cheaper to purchase complete units and have

them installed.

A small closet with a lock should also be

provided for storage of the teacher's personal property.

IV.

EQUIPPING THE CLASSROOM

General equipment.

The general equipment required

for science classrooms does not differ greatly from that
required for any other instructional area at the same level.
There is a need for chalkboards near the demonstration area.
It is possible that for most purposes the science room could
get along with less than the usual number of boards.

How-

ever, for biology and general science, at least twenty
linear feet of board-space is necessary.

If the space avail-

able on the wall is not sufficient, the overlapping sliding
chalkboards are available.

These are not quite as satisfac-

tory as fixed boards, but represent a good compromise.
There is a great need for bulletin board space in all
the areas of science education.

Pertinent material is being

published in nearly all current periodicals and a large
amount of this is suitable for display in the classroom.
There is much more chance that such material will be used to
enrich the program if large areas of bulletin board space
are available.
Racks for the storage of charts are of value.

Many

charts, due to their nature, are more easily used at the
desks of the students.
necessary.

An area for the storage of these is

Large drawers for flat storage are satisfactory,

but racks of the type used to display current newspapers in
libraries place the charts in the open where they can be
seen and will be used.
The classroom furniture is also equipment of a general
nature.

Tables and chairs are usually more satisfactory in

science rooms than desk arm student seats.

A table has room

for several students to work on a project at one time, where
the individual chair provides only enough room for writing.
In the event that work areas are provided around the perimeter of the classrooms, the desk arm chairs suffice.

There

is evidence of a growing trend in favor of perimeter installation of laboratory equipment, as is pointed out by Martin:
Furniture for school laboratories has been developed
that can be installed on the perimeter of the room,
leaving the center free for discussion and demonstration.
New types of movable cabinets, benches, and storage
units, with modular dimensions and interchangeable components, are available to accomodate children of
different ages and sizes engaged in many different
learning activities (15:2).
Special equipment.

Instructional areas for science

require certain items not common to all classrooms.

This

special equipment may be in the form of either specially
built items or special treatment of general equipment.
Experiments in the science laboratory often use
caustic elements which are hard on floor and desk surfaces.
It is necessary that some sort of protection be given these
areas to insure their long life and serviceability.

Table

tops can be formica covered, and floors of one of the various tiles if heavily waxed resist wear and corrosion fairly

well.

These are not always sufficient.

There is a need for

new developments in the area of quality floor and desk coverings.

Allison points out one possibility:

The most talked about synthetics, and the newest, are
the urethane coatings, developed in Germany during World
War II and experimented with in the U.S. for the past
three or four years. The urethanes are probably the
most wear resistant organic coatings ever developed, and
have good characteristics of wearability, hardness, and
resistance to chemicals and solvents • • • They have
already shown very good results as floor coverings
(2:146).
There is a possibility that these new synthetics can be used
to provide durable desk tops that will resist acids, solvents,
and other caustic agents.

The urethanes are only one of the

synthetics and plastics that are showing great promise for
use in school design (2:148).
Since temperature is a critical factor in some
scientific experiments, a method of temperature control is
desirable.

Thermostatically controlled electric heat is

perhaps the most dependable method of providing a constant
temperature.

Most school plants are not heated by electri-

city, and to equip the science laboratory with electric
heaters would require considerable expense.

This can be

overcome, in part, by providing the storage or preparation
room with such devices and keeping experiments requiring
stable temperatures there.

Another solution is suggested

by Macconnell, who recommends providing an area for sustained
experimental work such as a small adjacent room connected
by glass panels (14:220).

J1
Objectionable odors as well as toxic gasses are byproducts of many chemical experiments.

These can be handled

effectively if the classroom has a fume hood available.

A

suggested type consists of an area built into the wall at
the front of the room and covered with a sliding glass panel.
This area should contain a gas outlet and be connected to an
air duct and fan leading directly to the outside of the
building.

Experiments can then be viewed through the glass

while objectionable and dangerous gasses are flushed into
the outside atmosphere where they can dissipate harmlessly.
The last few years have seen many improvements in
school furniture and equipment.

Contributions to the com-

fort, health, and functional effectiveness of pupils have
been prime considerations in most of these developments.
Old lines of school seating have been redesigned, and new
lines have been produced, all with dimensions proportioned
to the body sizes of children (15:2).

Continued improvement

is insured by the adoption of the philosophy known as the
humanistic approach, in which the pupil and his needs are
considered first.

V.

DESIGNING FOR AUDIO-VISUAL TEACHING MEDIA

The potential use of modern visual aids for the
dissemination of information in the classroom and the
accompanying architectural implications are factors
major importance in the field of school design.

of

The future
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use of television and other visual media may be the greatest
single advancement in classroom teaching in the next decade.
Television.

One of the newer teaching aids, tele-

vision, will have far reaching effects on education in
general and on classroom design in particular.
point is supported by Stoddard, who states:

This view-

"No secondary

school should be built without facilities for closed circuit
telecasting to all parts of the building" (28:53).

It is

furthur reinforced by Sumption and Landes, who assert that
with the increased availability of educational television
programs, classroom television will play a role of increasing
importance and must be considered when designing new facilities (30:218).
At present there are few precise answers to the problems which arise in designing accomodations for the application of television, closed circuit or broadcast, to the
learning environment.

As changes and improvements in equip-

ment and techniques are forthcoming, there will be corresponding adjustments in its use.
change and to keep an open mind.

It is necessary to plan for
Experiments have shown

that television may require the use of instructional areas
of various sizes.

This is especially true at the secondary

level where the same classroom is used to house several
classes of varying size at different hours of the day.

For

instance, the science classroom in most secondary schools
will house classes in general science, biology, physics, and
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chemistry.

Therefore, it may be advisable to provide a

system of partitions to allow for change in arrangement,
space size, and shape in order to get the most benefit from
television in the science classroom (3:122).

The extra

expense that goes into building large areas subdivided by
movable partitions is money well spent from both an educational and economical point of view.

Research already

conducted into the feasibility of movable partitions for interior classroom walls indicates the initial cost runs slightly more per linear foot than conventional walls, but the
savings in maintenance over a twenty year period more than
outweighs the initial cost.

Multiple use of one room

actually represents a saving of the taxpayer's dollar.
Most architects and school planners have thought along
lines of fitting television into the school with no radical
changes in the design of the rooms themselves.

It is true

that they have considered flexibility and adaptability as
well as expandibility and contractibility, but these ideas
are still quite conventional in scope.

Dave Chapman

Incorporated, at the request of the Educational Facilities
Laboratories of the Ford Foundation, designed classrooms
and combinations of classrooms for the primary purpose of
teaching with the use of television.

They concluded that

it was not essential to redesign schools for the use of
television, but that radical changes of the right type
could be used to advantage.

Their report states:
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One of the major purposes of this design study as
outlined by EFL was to determine to what extent the use
of television affected the facilities, size, shape, and
structure of the learning area. Our conclusion is that
the tail does not wag the dog as might have been expected. Structural allowances must be made for proper
installation of conduit or raceway to carry the cables
for closed circuit transmission. Studios or classroom
facilities used for origination of a program require
special wiring, lighting and ventilation. Beyond these
considerations, no special allowances are imposed for
television reception in the school (8:23)
They furthur assert:
Spaces that already exist in many schools across the
country are in themselves suitable for the use of
instructional television--but in too many cases they
are seldom being used to full advantage even for
traditional teaching processes • • • the studies of room
shapes • • • indicates that rooms of irregular shape
(rather than rows of boxes) may offer some advantage
(8:32).
Adapting an existing science classroom or designing
a new one for the purpose of teaching by television starts
with consideration for the prime necessities.

These are

(1) origination, (2) transmission, and (3) reception (8:23).
Because this study deals primarily with classroom design,
the emphasis will be on reception and its related equipment
with origination and transmission discussed only sufficiently
to establish a background for the main topic.
Image and sound distortion can be live, filmed, or
from video tape recordings.

Each of these three sources has

its own advantages and disadvantages.

Which one should be

used depends entirely on the specific situation.
A live broadcast of a science teacher performing an
experiment has the advantage of being easily viewed by a
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great number of students simultaneously.

Correct handling

of the camera can give good close up views to all, where
only a few could enjoy this advantage without television
coverage.

Live coverage is timely.

An event can be viewed

while it is happening, without the time lag necessarily
imposed by filmed performances.

In terms of disadvantages,

the live image cannot be retracted.

All mistakes are sent

to the receivers and corrected only with considerable effort.
Scheduling is also a critical factor.

A delay on either the

receiving or broadcasting end can upset the whole performance.
The telecasting of films makes available great variety
in coverage.

Good quality science films are procurable in

quantity, and indications are that even more and better ones
will be produced in the future.

Many of these will be made

specifically for television use in schools.

Films can be

stored and used many times, thus recording and preserving
events for future viewing.

They can be edited and highly

controlled and can be stopped, backed up, and rerun to
emphasize a particular point.

Through their use events that

have happened far away can be brought into the classroom.
Another advantage is that last minute variations in the
broadcasting schedule do not affect the quality of the performance.

Films have the disadvantage of being expensive,

and for the present, they are often hard to fit to the
specific lesson being taught.

This will be overcome as more

variety and better quality in films becomes available.

There is also a time lag between the filming and viewing of
an event that ends to make films obsolete, often before they
have been used enough to justify their expense.
Video tape recordings offer many advantages in
presenting materials for televising.

They are timely in

that they can be used immediately after recording.

They can

also be stored indefinitely, thus equaling films in their
ability to preserve events for the future.

Video tape can

be edited or erased, and can be duplicated many times over
for wide use.

Tapes can be used to bring in outside world

events or to telecast performances and demonstrations
occuring in the immediate vicinity.

A major limiting factor

in the use of this source is the expense.
tape recorders are very costly.

At present video

However, "within the next

two or three years we can expect an educational video tape
recorder in production that reportedly will be priced in the
range of $10,000" (8:49).

This is considerably below pre-

sent prices and will not be out of reach of most school
districts.
Transmission of video signals can be through either
closed circuit or broadcast bands.

Closed circuit televising

can use either coaxial cable or the microwave system.

The

system using coaxial cable is limited as to distance by the
length of cable that can be economically laid.
ible to connect all the schools in most cities.

It is feasA sucess-

ful example of such a system is one in use in the city of
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Ellensburg, Washington.

Basically it is a closed circuit,

loop system of cable and equipment connecting viewing rooms
on the campus of Central Washington College of Education
with all public school buildings in Ellensburg (11:10).
This system uses approximately two miles of double shielded
coaxial cable to loop together six schools (11:18).

The

success of this system demonstrates the feasibility of the
use of the closed circuit coaxial system in a city of
approximately 9,000 population.

At the other extreme, there

is a record of coaxial cable being used to connect schools
thirty miles apart (8:30).
The use of microwave reflectors for closed circuit
transmission eliminates the need for coaxial cable.

The

success of this mode of transmission depends to a great extent on the geographical features of the area in which it is
to be used.

It is essentially line of sight transmission

and can only be successfully utilized where natural features
lend themselves to its use.

Microwave transmission is con-

trolled by FCC and requires their approval prior to installation and use.
Open circuit or broadcast televising has the advantage
of long range without additional expense.

Since these sig-

nals are transmitted through space, open circuit broadcasting, either VHF or UHF, is subject to FCC regulations.
The reception system is dependent to an extent upon
the method of transmission.

If open circu.it UHF is used, an
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ultra high frequency converter is necessary.

A set antenna

or master antenna is necessary to pick up all open circuit
signals.

The standard ttrabbit ears" antenna for VHF or

"bow tie" for UHF can be used, but a master antenna on the
building picking up all incoming signals and sending them by
cable to the various sets is perhaps more satisfactory.

If

a school elects to use the microwave system, special receiving equipment is necessary.

In the case of a closed circuit

system, the coaxial cable connects directly to the set,
requiring no special equipment.
When designing a classroom in which teaching by television is to play an important role, many factors must be
considered.

Foremost among these is the arrangement of

chairs or desks for optimum viewing conditions.

Seating

arrangements are dependent upon maximum and minimum viewing
distance and the horizontal viewing angle.

The maximum

viewing distance is established by the size of the television screen.

Maximum distances for five different screen

sizes are shown below:
Size of Television Tube

Maximum Viewing Distance

17"

14'-9"

19"

15'-2"

2ltt

19'-0"

23 n

19'-4"

24n

21'-5" (8:32).

The minimum viewing distance is established by the

,3,9

size of the image, the unobstructed line of sight from back
to front, and the heighth of the set when it is placed at
the maximum vertical angle for viewing comfort.

It is

necessary to consider the spacing of the individual seats in
the rows to determine distance figures.

Minimum viewing

distances for five screen sizes and three alternate spacings
of seats are given below:
Size of Television Tube
17"

Seat Row Spacing
3'-0" 4'-~" 2'-2"
5'-6" 4'-2" 3'-9"

19"

5'-8"

4'-4"

3'-10"

21"

7'-1"

5'-5tt

4'-l0tt

23"

1' -2"

5'-6tt

4'-11"

24"

8'-0"

6'-1"

5'-5" (8:32).

Legibility of printed matter and distortion of the
image must both be considered when establishing the horizontal viewing angle.

It is common knowledge that distortion

increases the furthur a viewer is seated from the center
line axis perpendicular to the picture tube.

How much of

this distortion can be tolerated depends on the nature of
the televised material.

Where the images are of a highly

critical nature and very little distortion is acceptable,
the viewer should be seated no more than 30 degrees from the
line of center.

At about 45 degrees the distortion becomes

too great for viewing any presentation in comfort.

This

allows a total angle of from 60 degrees to 90 degrees in
which to arrange seats for the students (8:33).

The number
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of seats that can be placed in the viewing area varies with
the type of furniture and its spacing, as well as with the
horizontal viewing angle.

Consideration of these factors

reveals that for a twenty one inch screen, from twenty four
to fifty two students can be accomodated for material of an
average critical nature.
Another viewpoint is expressed by the American
Association of School Administrators:

"The experience of

those working with television indicates that it is desirable
to allow one 21 inch television set for about every 15
pupils" (3:123).

Stoddard speaks of using twenty four inch

television sets in rooms designed to seat from about two
hundred to five hundred students, but fails to indicate how
many sets should be used in such a situation (28:53).

At

Central Washington College of Education, the televised
observation is presented on two twenty one inch sets situated
on stands near the front of the room (11:14).

The viewing

classes are generally smaller than fifty students.

These

differences in practices indicate that there is room for
research in this field.

However, there is general agreement

on the subject of screen heighth above the floor.

The

American Association of School Administrators indicates that
the sets should be located as near as possible to eye level
in order to avoid physical discomfort (3:123).

A maximum

angle of 30 degrees above the horizontal is recommended by
Dave Chapman, Incorporated (8:32).
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The great variation in theories and in practices imply
that inflexible design is unwise, and that changes in the
shape of the rooms designed for television viewing may be
necessary.

This should be interpreted as a necessity for

improving the surroundings without giving up all advances
made in classroom design prior to the introduction of television.

Television must be kept in its proper place by good

design, and fitted into the situation to implement rather
than to replace the present program.
Most authorities agree in a future trend toward very
large groups meeting in lecture rooms for presentations of
a general nature, followed by sub-dividing into smaller
groups for individual study in seminar size spaces.

It is

possible to provide the large areas and smaller spaces independently, but a practice that may be more economical is to
use space dividers to adapt the large area to use as a
number of seminar rooms.

These space dividers can take the

form of sliding walls, folding walls, or walls that swing
out on overhead hinges (8:52).
The small seminar spaces can vary in size.

Some may

house less than ten students, others more than twenty.
They should provide an informal, non-institutional atmosphere where students can gather for discussion or individual
study.

They should encourage close contact between teacher

and students as well as exchange between the students in
team learning sessions.

"Acoustic curtain dividers and
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movable space dividers could provide varying degrees of
sound isolation and visual privacy between areas within the
total space» (8:59).
Television can be used most effectively in classrooms
when the sets are properly placed.

If the set is placed in

the corner of the room, the walls provide the sides of the
90 degrees maximum viewing arc previously mentioned.

The

seats can then be arranged in curved rows before the set.
This leaves the chalkboards at the end of the room available
for use without moving either the students or the set.

At

first thought it might appear highly desirable, in terms of
shape of rooms, to build the sets into counter or shelf
arrangements.

However, if one takes into account the in-

evitable changes that will come in the shape and size of sets
and in the methods of projection, it becomes obvious that
thinking should not be rigid in this respect (3:123).

The

practice of mounting sets on movable stands, as it is done
at Central Washington College, has merit.

These carts are

specially made of light tubular metal and equipped with
wheels that lock and swivel (11:17).

Other satisfactory

methods of support include the adjustable pivoting ceiling
mount, the adjustable pivoting floor mount, and a similar
wall mount (8:48).

These mounts allow the set to be turned

or faced in any direction and tilted up or down, but they
fail to provide mobility.
The large lecture spaces recommended may be obtained
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by the simple expediency of removing all space dividers and
rearranging the furniture.

Such arrangements are especially

suitable for large group instruction, televised instruction
with multiple receivers, and other team teaching techniques

(8:62).
The study by Dave Chapman, Incorporated, proposed
some unique variations in both size and shape of classrooms.
These differ radically from traditional rooms and are illustrated in Figures 1, 2,

3, and 4.

These classrooms were designed for teaching by television, and the floor plans are illustrated showing the
relative positions of the television sets, student seating,
and teacher's facilities.
Television as a teaching instrument has met with
varied receptions, from extreme enthusiasm to neutrality.
No one considers television as a replacement for the teacher
or as the answer to all our problems.

It is instead con-

sidered as an enrichment to our regular program.

On the

other hand, nearly every educator recognizes television's
potential as an educational medium and advocates planning
for its use in the near future.
television:

Tanner states in regard to

nThe planning and design implications of this

newest revolution in schools are already vast and varied, and
promise to become more so" (31:111).

The Office of Visual

Education at Central Washington College of Education asserts:
"The use of television in teaching is at present the liveliest matter under discussion and experimentation in
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FIGURE 1
A BASIC CLASSROOM DESIGN FOR A GROUP OF
FROM 25 TO 35 STUDENTS (8:67)
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FIGURE 2
A TWO GROUP PLAN WITH A REMOVABLE PARTITION
BETWEEN THE UNITS (8:69}
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FIGURE 3
A THREE GROUP UNIT AS ARRANGED FOR A LARGE
GROUP TELEVISION CLASS OF FROM
90 TO 120 STUDENTS (8:71)

--------- ---.. --- -----
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FIGURE 4
A CLASS SPACE FOR A GROUP OF FROM
100 TO 200 STUDENTS (8:72)

education" (11:3).
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Stoddard goes so far as to say that all

new secondary school facilities should be built with facilities for the use of television in the classroom (2$:53).

A

more conservative point of view is expressed by Sumption,
who says:

"It seems likely that classroom television will

play as important a role in classroom instruction as does
radio" (J0:21$).

As these quotations indicate, there is a

general agreement that television to some extent will be
beneficial to our educational program.

Whether the rooms

should be designed especially for the medium or whether it
it should be fitted to the existing program is an undecided
question.

Either way it is imperative that design practices

be altered to in some way consider the future implications
of educational television.
Films.

Films bear the brunt of the load of projected

visual materials.

There is no indication that this will

cease to be true in the near future, even with the advent of
classroom television.

At present films are projected in the

conventional manner in most schools.

As television comes

into more general use, many of these films will be shown
through that medium, but even then there will be a need for
the screen and projector as conventionally used.

The

American Association of School Administrators advocates
building a small projection room into each science laboratory (3:72).

This is to allow maximum use of lecture-

demonstration sound films, now widely used in physics and
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chemistry to reduce the amount of lecturing and demonstration
by the teacher.
Each science laboratory should have its own movie
projector and projection screen and access to an overhead
projector, a slide projector, a rear screen projector, a
micro-projector, and an opaque projector (8:38).
may be of either the beaded or matte type.

The screen

"The beaded

screen is highly directional and limits the horizontal viewing angle • . • due to the sharp light image fall-off for
viewers at the sides" (8:38).

The matte screen allows a

greater horizontal viewing angle and consequently enables
larger groups to view the program.

Slides and other projec-

tions may be shown on the same screen as moving pictures.
Tapes and records.

Tapes and records are used quite

rarely in the science classroom.

There is no need for elab-

orate provision for this audio material.

A good tape re-

corder and record player, either in combination or separate,
available for use in the classroom constitute adequate
provisions.

The machines should be portable and of good

quality, capable of accurate sound reproduction.
Nonprojected visual aids.

Charts, posters, and pic-

tures are the most commonly used nonprojected visual aids.
These are not extremely demanding in their construction
requirements.

Adequate display space, in the form of bulle-

tin boards, and suitable storage facilities are all they

48
require.

Both have been previously discussed in this study.

CHAPTER III
SUMMARY, IMPLICATIONS AND NEED FOR FURTHUR STUDY
I.

SUMMARY

The school exists for the purpose of preparing the
individual to fit into the culture of his society.

It can

be defined as the institution created by society to help the
student assume the roles expected of him when he reaches
adult status.

As our culture evolves, our educational phil-

osophy must make corresponding changes in order to fulfill
its responsibilities.
in curriculum.
ways.

Changes in philosophy cause changes

Curriculum changes are manifested in many

Important among them is the alteration of the archi-

tectural philosophy resulting in a changed physical plant.
One area of the school plant that has recently received much
attention is the facilities for science education.

These

facilities have been the object of much research and experimentation.

It has been found necessary to adjust our think-

ing about the part the classroom itself plays in promoting
learning.
A second consideration affecting our thinking along
the lines of classroom designing is our rapidly expanding
population and the resultant teacher shortage.

We need to

plan for a great number of students without a corresponding
increase in faculty members.

Good planning and careful

design can result in a classroom that aids rather than
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hinders the teacher in handling large groups.
new shape may help.

Classrooms of

The advantage of pentagonal and hexa-

gonal rooms are being realized.
Our mushrooming population and changing educational
philosophy have resulted in several noteworthy trends in
the design and constructions of secondary school science
classrooms.
bility.

Paramount among these is the trend toward flexi-

If there is a key word in design, that word is

flexibility.

Because school design is a dynamic rather than

static field, because it is impossible to predict future
changes in philosophy with absolute certainty, and because
our population is not stable in any specific area, it is
necessary to allow for change.

Changes in course structure

and purpose, changes in methods of presentation, and changes
in educational theory all require changes in plant design.
There is also a trend toward placing more responsibility on the individual student and demanding from him a
more adult level of behavior.

Large lecture rooms to handle

one hundred or more students, and small work areas for
groups of ten or less to work on individual projects are the
result.
Another trend is toward greater use of visual aids in
teaching the sciences.

Among these are television, films,

slides, tapes, and charts.

The use of each of these media

has its own influences on classroom design and construction.
Special equipment and considerations for light and acoustics
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has been necessary.

In the case of educational television,

major departure from traditional ideas of classroom shape
and structure may prove advantageous.

II.

IMPLICATIONS

School design is changing so rapidly that ideas now
considered futuristic will be utilized tomorrow, and ideas
now considered sound may well be obsolete at that time.
Great progress has been made in solving problems in design
by long range planning on the part of educators and architects.

Today's program is a great improvement over that of

yesterday, and tomorrow's program must be just as advanced
over that of the present.

Science, by its very nature, is

progressing at an astounding rate.
follow suit.

Science education must

At present, theory is ahead of practice, and

of necessity it must stay there, but the pressing need for
better facilities will rush the adoption of new ideas.

The

near future will see such vast changes as large lecture
rooms and small individual study areas for each subject
matter area, movable partitions and other adjustable features,
the adoption of television to classroom teaching, and the
placing of more responsibility upon the student.

Just as

the educational philosophy is evolving, so must our architectural philosophy change in regard to classroom design.
Design must not become fixed; it must be as dynamic as the
field of science itself.
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III.

NEED FOR FURTHUR STUDY

The evolving nature of our architectural philosophy
regarding science rooms in particular and school buildings
in general has been previously emphasized in this study.

It

is impossible to stand still in a changing field; we must
either progress or we will lose ground.

The fact that this

is a rapidly developing area makes furthur study essential.
Certain practices must be assesed to determine their actual
value before making the expensive changes they require.

For

example, the trend toward providing small work areas for
students in addition to the large lecture rooms entails considerable expense.

At present this seems justified by the

improvement of learning that has followed where this has
been tried.

However, intensive study over a period of time

will be necessary before this becomes generally accepted.
What is now a valid understanding of present practices
and future implications will soon be outdated knowledge.
Research in the field of classroom design can lead the way
to increased understanding of the problems involved, and
thereby aid greatly in their solution.
cient justification for increased study.

This alone is suffi-
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